Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is prevailing in Southeast and East Asia as one of the most common cancers.[@CIT0001] Usually, for small HCC tumors, liver transplantation, surgical resection and local ablation are the prioritized curative therapies.[@CIT0002]--[@CIT0004] However, in clinical practice, small HCC tumors cannot always be properly dealt with by these recommended treatments. Even in cases of early-stage HCC, patients may still have difficulty receiving transplantation, surgical resection or local ablation because of donor shortage, advanced liver cirrhosis or difficult tumor location. Therefore, three-dimensional conformal radiotherapy (3DCRT) is often considered as a possible option.

The decision of whether to treat HCC patients with radiotherapy depends on the proliferation of the tumor, in which the tolerance of normal liver tissues and α/β values remain significant factors. Nevertheless, it is not always to obtain a satisfactory predictive value from a mathematical model for complications in normal tissues. In our hospital, 3DCRT with hypofractionation has been used to treat HCC patients with the purpose of conveying a high radiation doses to the tumor. Under this circumstance, a retrospective study was performed to evaluate whether outcomes vary between different fractions of 3DCRT regimens (2.5--4.9 Gy/fx versus 5.0--7.0 Gy/fx) used as a first-line treatment for tumors smaller than 10 cm in size in HCC patients ineligible for curative therapies. The safety and efficacy of the methods were thereby evaluated, and the group of patients who appeared to obtain more benefit from 3DCRT was also explored.

Materials and methods {#S0002}
=====================

Ethical statement {#S0002-S2001}
-----------------

This study was approved by the Ethics Committee of the Affiliated Tumor Hospital (No. LW2018020), compliance with the Declaration of Helsinki. A written informed patient consent was also obtained. All patients' information was anonymous.

Patients {#S0002-S2002}
--------

A total of 198 HCC patients (a single HCC \<10 cm or up to 3 HCCs \<5 cm) who received 3DCRT in our hospital during April 1999 and August 2013 were retrospectively analyzed. The eligibility criteria for the this study are as follows: (1) the HCC tumor was ineligible for Surgical resection due to liver cirrhosis and poor liver function (Child--Pugh B), insufficient residual liver volume for resection, and/or patients' refusal of surgery. (2) The HCC tumor was located on the liver surface, near the large vessels or bile duct, or at the top of the dome where percutaneous ablation is not safe due to tumor location or refusal to accept the surgery. (3) Performance status (PS) score of 0--1 and Child--Pugh class A or B were required for the enrolled patients who received 3DCRT. (4) An incomplete response after transcatheter arterial chemoembolization (TACE) or financial difficulties. Patients with extrahepatic metastases or with Child--Pugh class C tumors were excluded from the study; patients who received reirradiation in the same area were also excluded from the study.

The patients\` clinical characteristics were collected from a medical records review ([Table 1](#T0001){ref-type="table"}).Table 1Clinicopathological data of patients with HCC who underwent different fraction doses of hypofractionated 3DCRTVariablesBefore propensity matching*P*-valueAfter propensity matching*P*-valueGroup AGroup BGroup AGroup BMedian age in years (range)50(28--77)49(27--82)0.85749(30--77)49 (27--82)0.594Gender, Male/Female (%)\
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0.248Tumor size in cm, n (%)0.4130.872≤5cm353231325--9.7cm76555049No. (%) of patients with PVTT50250.00723250.731No. (%) of patients ± for hepatitis B surface antigen92(82.9)/19(17.1)71(81.6)/16(18.4)0.81667(82.7)/14(17.3)65(80.2)/16(19.8)0.686No. (%) of patients CP class A/B104(93.7)/7(6.3)82(94.3)/5(5.7)0.87076(93.8)5(6.2)77(95.1)/4(4.9)0.732Serum AFP, n (%)0.9310.753≥400 ng/mL58463840\<400 ng/mL53414341Median prothrombin time, s (range)12.6(10.3--20)12(9.5--17)0.01712.8(10.3--20)12(9.5--16.9)0.192Median albumin, g/dL (range)3.9(2.6--4.7)3.9(2.9--5.1)0.6543.9(2.6--4.7)3.9(2.9--5.1)0.934Median ALT, U/L (range)65 (24--266)48 (18--183)0.00266(28--210)58 (25--180)0.794Median total bilirubin, umol/L (range)15.2(4--325)13.5(4--113)0.00815.2(4--325)13.2(4--80)0.104AJCC tumor stage0.0080.183T155484945T231027T348292829T45020TACE0.4330.868 Yes43292728 No\
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180.813Median survival time in months (range)14.4(1--136)24.8(1.0--186.0)0.00314.7(1--136)21.6(1.0--186.0)0.032[^2]

Treatment protocols {#S0002-S2003}
-------------------

Patients' condition and the machine's capacity of delivering the radiotherapy were fully evaluated before the execution. A preferable suggestion from doctors was a fraction dose of 2.5--4.9 Gy/fx regimen for complicated patients, such as the tumor close to the gastrointestinal tract, the number of intrahepatic tumors \>3, or an ALT \>80 U/L.

The stereotactic body frame was used to position patients who were trained to breathe shallowly with the help of a tight abdominal belt to restrain breathing. A planning computed axial tomography (CAT) scan was arranged for every patient to facilitate 3D treatment planning through the Topslane planning system. On the CAT scan, delineation of the gross tumor volume (GTV) was performed. The planning tumor volume (PTV) was determined by adding 0.5 cm--1.5 cm to the GTV. The liver motion was also taken into consideration as additional margins were included to indicate motion. Four to eight coplanar/noncoplanar fields were designed with the aid of the eye view from the beam.

In total, 111 patients received the Group A regimen (2.5--4.9 Gy/fx), and 87 patients received the Group B regimen (5.0--7.0 Gy/fx). The Group A regimen was a median total dose of 53 Gy with a fraction of 2.5--4.9 Gy given three times a week, while the Group B regimen was a median total dose of 52 Gy with a fraction of 5.0--7.0 Gy given three fractions every week. The prescribed dose had an isocenter as 100% without inhomogeneity tissue correlation, and the PTV was accounted for to satisfy the coverage of 90% of the isodose curve. The prescription dose of radiotherapy was determined mainly according to the mean dose to the liver, which was limited to 23 Gy and was also limited by the tolerance dose of the gastrointestinal tract. Organs at risk (OARs), including the liver, kidneys, stomach, small intestine, and spinal cord, were under the tolerance dose.

Out of 198 patients, 72 patients (36.4%) had TACE with a median of two cycles (range, 1--4 cycles). The execution of TACE involved the infusion of a mixture of 5 mL of lipiodol, 30--40 mg/m^2^ of cisplatinum, 50--60 mg/m2 of epiadriamycin or 5 mL of lipiodol, 10--15 mg/m2 of 10-hydroxycamptothecin and 6--7 mg/m2 of mitomycin C, followed by Gelfoam embolization. The 3DCRT treatment was scheduled to start within 2--4 weeks after TACE.

The treatment applied after tumor progression was variable. Twenty-two patients underwent TACE; other treatment options included liver transplantation, radiofrequency ablation, systemic chemotherapy, sorafenib, radiotherapy and liver protection.

Toxicity evaluation and follow-up {#S0002-S2004}
---------------------------------

The evaluation of toxic reaction followed the Common Terminology Criteria for Adverse Events (CTCAE) Version 2.0. Blood chemistry analyses, routine blood tests, and physical examinations were performed every week during the 3DCRT alone or the combined TACE and 3DCRT periods.

The patient follow-up was scheduled for every three months within the 1^st^ year and then every six months after the treatment was completed. Each follow-up included physical examination, routine blood and blood chemistry tests, serum AFP, abdominal B ultrasound, and CT scan. Survival calculations were recorded from the date of starting the treatment until the final follow-up or death. Recurrence diagnosis was based on two concurrent imaging technologies or the combination of increased serum AFP and consistent ultrasound examinations or CT findings.

Statistical analysis {#S0002-S2005}
--------------------

All statistical analyses were carried out using SPSS 20.0. The Mann--Whitney U test was used to analyze the statistical significance of differences in continuous data, and the chi-squared test was applied to assess the significance of differences between categorical data. The Kaplan--Meier method was adopted to estimate overall survival; the log-rank test was employed for comparison between groups. Cox proportional hazards model was used to perform multivariate analysis. For all tests, a *P*-value\<0.05 was considered statistically significant.

Propensity score matching (PSM) {#S0002-S2006}
-------------------------------

PSM was performed to reduce selection and confounding bias. In the analysis, the propensity scores were created by using logistic regression for HCC patients in Group A and in Group B. Clinical variables were incorporated into a logistic regression model that was applied to produce propensity scores (PS) for every patient along a continuous range from 0 to 1. The nearest neighbor matching was used to obtain a one-to-one match between the two groups.

Results {#S0003}
=======

Patients' characteristics {#S0003-S2001}
-------------------------

[Table 1](#T0001){ref-type="table"} shows the clinical and laboratory baseline characteristics of Group A (n=111) and Group B (n=87) patients. Group A patients showed worse liver function, including longer prothrombin times and higher levels of ALT and bilirubin (*P*\<0.05). More advanced patients (T3 and T4) or patients with PVTT received the Group A regimen (*P*\<0.05).

Dose distribution {#S0003-S2002}
-----------------

Because of the performance status of patients, the location of the tumor and the limits of the OARs, the prescription dose and the fraction of radiotherapy were different. To ensure the comparability of the radiation dose, the total dose was converted to a biologically equivalent dose (BED) through a linear-quadratic (L-Q) model with an α/β ratio of 10 Gy. Group B showed a significantly higher BED of the tumor than Group A (*P*\<0.001), and the radiotherapy fractions in Group B were significantly less than those of Group A. The percentage of the whole liver covered by at least 5 Gy (V5) was significantly higher in Group B; however, there were no significant differences in the dose for V10, V20, and V30 of the whole liver and the mean dose to normal liver, as shown in [Table 2](#T0002){ref-type="table"}.Table 2Mean values of dosimetric parameters in patientsVariablesGroup AGroup B*P*-valuesMedian dose (Gy) (range)53 (40--72)52 (40--63)\<0.001Median BED 10 (Gy) (range)73.80(56.00.-87.5)79.04(61.40--91.35)\<0.001Median radiation fraction (range)13(8--28)9(7--14)\<0.001Dose of normal liver (Mean ± SD)Mean21.76±6.0722.55±5.850.087V571.32±12.3483.58±9.870.002V1061.56±14.7666.31±13.230.132V1548.65±13.9952.36±13.190.352V2044.21±12.5645.08±12.470.730V3030.55±9.9430.08±10.790.875[^3]

Survival analysis in all patients {#S0003-S2003}
---------------------------------

The median follow-up time was 19.7 months (range, 1--186 months), and 68 patients died in Group B (78.2%), while 94 patients died in Group A (84.7%). The median survival for Group A versus Group B was 14.4 versus 24.8 months (*P*=0.003), respectively. The 1-, 3-, and 5-year overall survival (OS) was 57.7%, 30.6%, and 18.9% for Group A patients and 73.6%, 43.7%, and 33.3% for Group B, respectively (*P* = 0.009; [Figure 1](#F0001){ref-type="fig"}).Figure 1Overall survival curves of the entire patient population who underwent different fraction doses of hypofractionated three-dimensional conformal radiotherapy (*P*=0.009).

However, the cumulative recurrence rate was similar between groups A and B (*P*=0.446). Moreover, the site of tumor recurrence was similar between the two groups(*P*=0.699). Among the extrahepatic metastatic sites, the lung was the most prevalent site, occurring in 18 of 29 patients (62.1%). Sites involving bone (4 patients) and other organs (7 patients), such as the peritoneal seeding or the adrenal gland, were infrequently seen ([Table 3](#T0003){ref-type="table"}).Table 3Characteristics for hepatocellular carcinoma recurrenceVariableGroup AGroup B*P-*valueNumber of recurrence50380.446Site of recurrenceExtrahepatic1470.699Intrahepatic3027Both85

Univariate analysis identified the following prognostic factors in all patients: serum AFP ≥400 ng/mL, serum alanine aminotransferase\>80 U/L, tumor size\>5 cm, Child--Pugh class B, portal vein thrombosis, and fractions of 2.5−4.9 Gy/fx. All these prognostic factors except serum AFP were also identified by multivariate analysis as predictors of poor prognosis ([Table 4](#T0004){ref-type="table"}).Table 4Multivariate analysis of clinicopathological factors predictive of poor overall survivalVariablesBefore propensity matchingAfter propensity matchingHazard ratio95% confidence\
interval*P*-valueHazard ratio95% confidence\
interval*P*-valueAFP≥400 ng/mL0.9260.676--1.2690.6341.0110.714--1.4330.949ALT \>80 U/L1.2581.171--1.4910.0320.8970.696--1.1650.586Tumor size\>5cm1.1621.013--1.3370.0361.0831.003--1.3120.012CP class B1.2401.084--1.485\<0.0011.3041.165--1.5360.001PVTT1.3011.014--1.569\<0.0011.2631.006--1.4890.002fractions of 2.5−4.9 Gy/fx1.5021.093--2.0640.0120.6040.425--0.8590.005[^4]

Characteristics and survival analysis of PSM {#S0003-S2004}
--------------------------------------------

PSM identified 81 pairs of patients. When only these pairs were viewed, there was no significant difference in baseline characteristics between groups A and B ([Table 1](#T0001){ref-type="table"}). The median survival for patients in the PSM model who received the Group A regimen versus patients who received the Group B regimen was 14.7 versus 21.6 months, respectively (*P*=0.032). The 1-, 3-, and 5-year OS was 58.0%, 34.6%, and 19.8% for Group A and 74.1%, 43.2%, and 33.3% for Group B, respectively (*P*=0.041, [Figure 2](#F0002){ref-type="fig"}). Multivariate analysis identified tumor size (\>5 cm), Child--Pugh class B, PVTT, and fractions of 2.5−4.9 Gy/fx as mortality risk factors ([Table 4](#T0004){ref-type="table"}).Figure 2Overall survival curves of the propensity score-matched patient population who underwent different fraction doses of hypofractionated three-dimensional conformal radiotherapy (*P*=0.041).

Toxicity {#S0003-S2005}
--------

The treatment-related toxicity was similar in both groups. Twenty-six patients (13.1%) experienced toxicity of CTCAE version 2.0 grade ≥3 in both groups ([Table 5](#T0005){ref-type="table"}). Gastrointestinal bleeding was observed in two patients who received the Group A regimen and in two patients who received the Group B regimen. Two patients developed upper gastrointestinal bleeding 3 months and 12 months after the end of the Group A regimen radiotherapy. Of these patients, one case had esophagogastric varices discovered by gastroscopy detection, which was considered to be related to liver cirrhosis. Two patients had upper gastrointestinal bleeding 6 months and 14 months after the completion of the Group B regimen radiotherapy. These patients eventually died from hypovolemic shock.Table 5Complications after treatmentComplicationGroup A(n=111)Group B(n=87)*P*-valueNo.%No.%Nausea6457.75664.40.809 Grade 15045.04349.4 Grade 21311.71213.8 Grade 310.911.1Platelets3733.33034.50.988 Grade 12522.52124.1 Grade 298.166.9 Grade 321.822.3 Grade 410.911.1Leukopenia3127.92427.60.863 Grade 12219.81517.2 Grade 287.278.0 Grade 310.922.3Liver enzyme2118.92023.00.867 Grade 1109.01213.8 Grade 287.266.9 Grade 321.811.1 Grade 410.911.1Bilirubin2926.11921.80.591 Grade 11816.2910.3 Grade 2109.089.2 Grade 310.922.3Albumin2825.22326.40.989 Grade 11715.31517.2 Grade 298.178.0 Grade 321.811.1Gastrointestinal bleeding21.822.30.589 Grade 321.822.3

Discussion {#S0004}
==========

Several treatment modalities are available for patients with HCC, including local ablation, TACE, and radiation therapy. The main curative treatment for HCC is hepatic resection. With the persistently updated surgical techniques and improvement of postoperative management, the 5-year OS has reached approximately 70%, particularly for HCC \<5 cm. In addition,[@CIT0006] Ablative therapies are effective treatment options. Ablative therapies are most effective for tumors \<3 cm (preferably \<2 cm) that are in an appropriate location away from other organs and major vessels and/or bile ducts.[@CIT0007] However, complete ablation is difficult to achieve for larger or perivascular tumors.[@CIT0008] Some research reported that local ablation was not feasible in 6.0% −16.2% of HCC patients because of high-risk tumor location or poor detection on ultrasonography.[@CIT0009],[@CIT0010] Therefore, 3DCRT is considered a treatment option for small- to medium-sized HCCs ineligible for curative therapies. Our study evaluated small- to medium-sized tumors (\<10 cm) in HCC patients treated with 3DCRT. The results revealed OS in the entire study population at 1, 3, and 5 years was 57.7%, 30.6%, and 18.9% for Group A, and 73.6%, 43.7%, and 33.3% for Group B, respectively. These outcomes were similar to previous studies, which confirmed the importance of 3DCRT in locally HCC.[@CIT0011]--[@CIT0019] The 3DCRT technique is technically simple and should be considered in patients with HCC that is not eligible for ablation or resection.

The size of the fraction dose is an important factor associated with OS and local control of disease. Previous studies have reported superior outcomes with an increase in fraction dose for HCC patients.[@CIT0020],[@CIT0021] Wang et al reported that TACE in combination with hypofractionated 3DCRT (6--8 Gy/fx) obtained better OS and lengthened median survival than conventional 3DCRT (2 Gy/fx) without increasing the acute adverse event rates.[@CIT0020] Hou et al found that hypofractionated intensity-modulated radiotherapy (2.5--4.0 Gy/fx) obtained longer median survival than conventional 3DCRT (1.8--2.0 Gy/fx).[@CIT0021] These findings support our results. Our study retrospectively reviewed 198 HCC patients with a tumor size \<10 cm who were ineligible for curative therapies and were treated with hypofractionated 3DCRT. The enrolled patients were divided into two groups, Group A and Group B. Group A received a median total dose of 53 Gy with fractions of 2.5--4.9 Gy given three fractions per week; Group B received a median total dose of 52 Gy with a 5.0--7.0 Gy/fx given three fractions per week. To reduce selection and confounding bias, we performed analysis on propensity-score matched patient pairs. It showed that a longer median survival was found in Group B (5.0--7.0 Gy/fx) than Group A (2.5--4.9 Gy/fx) in the PSM population (21.6 versus 14.7 months, respectively, *P*=0.032). The 1-, 3-, and 5-year OS rates were 58.0%, 34.6%, and 19.8% for patients who received the Group A regimen and 74.1%, 43.2%, and 33.3% for patients who received the Group B regimen after PSM, respectively (*P*=0.041). Moreover, although acute adverse events were seen in most patients, they were generally not serious and well tolerated. The rate and severity of acute adverse events were similar in both groups. These results indicate that a slightly higher dose fraction may be beneficial for patients with HCC that is not eligible for ablation or resection. by improving the local control and OS with an acceptable acute adverse events rate.

We performed multivariate analysis by considering a number of prognostic factors previously shown to be associated with the OS of HCC patients. The multivariate analysis identified tumor size (\>5 cm), Child--Pugh class B, portal vein thrombosis, and fractions of 2.5−4.9 Gy/fx as prognostic factors after PSM. Our results identified tumor size \>5 cm as an independent prognostic factors, which is also consistent with the previous studies.[@CIT0022],[@CIT0023] Tumor size \>5 cm was related with increased invasiveness and reflected higher incidence of portal venous invasion and intrahepatic metastasis.[@CIT0024],[@CIT0025] A large tumor is likewise connected with the presence of vascular invasion and satellite lesions, which are conducive to tumor recurrence and poor prognosis.[@CIT0026],[@CIT0027] Our study also demonstrated that Child--Pugh class was an independent prognostic factor for OS, which led to a similar conclusions as previous studies.[@CIT0028] Child--Pugh class is generally considered to be a significant prognostic factor, due to HCC being a complex cancer inserted on preneoplastic cirrhosis, and thus variables of both diseases that cause death should be considered.[@CIT0029] There were twelve Child--Pugh class B patients in our study. Three of them eventually died from liver function decompensation caused by tumor progression or infection at 1, 3, and 4 months. Therefore, we recommend that Child--Pugh class A patients are the best candidates for 3DCRT. PVTT is a risk factor most likely because it is associated with the recurrence and emergence of de novo tumors.[@CIT0026] Moreover, our study found a fraction dose of 2.5−4.9 Gy was an independent prognostic factor, which might explain the longer median survival found in the group with higher fraction doses (5.0--7.0 Gy/fx).

The synergistic effect of TACE and 3DCRT has been demonstrated.[@CIT0030] TACE prolongs survival by the arterial injection of anticancer drugs and embolizing agents, which subsequently induce ischemic necrosis.[@CIT0031],[@CIT0032] In our study, due to the limited economic conditions of patients, only some patients used TACE in combination, but also achieved good results.

We found that lower percentages of V5 were observed in Group A patients compared with those in Group B. Group B provided a higher dose with no significant increase in V10, V15, V20, V30 and the mean dose of the whole liver. The overall toxicity, including liver toxicity in both treatment groups was similar. In addition, it was interesting to find that the cumulative recurrence rate and the site of recurrence tumors were similar between the two groups. It is generally known that recurrence is a major cause of death in HCC patients. Because 3DCRT is a local treatment, our results indicated that regular monitoring and systemic approaches were needed to prevent intrahepatic and extrahepatic metastasis.

There were some drawbacks in our study. First, this study is based on a retrospective analysis and might be affected by selection bias. Sufficient imaging data are lacking in this research, which makes it impossible to evaluate the efficacy on tumors after radiotherapy. Second, it was a single-center study carried out in the region with a high prevalence of HBV infection. Therefore, other study groups need external validation. Third, this study was not randomized. A large-scale randomized controlled trial would be ideal but might be difficult to carry out because in general practice, factors, such as body constitution and tumor location would affect the choice of treatment.[@CIT0033] Fourth, there was a small study population with patients receiving other surgical and systemic therapies before and after enrollment in the study.

Conclusions {#S0005}
===========

Our PSM findings indicate that higher fraction dose radiotherapy that 3DCRT delivers is effective as it offers survival benefits without raising serious toxicity to patients with small- to medium-sized HCC tumors who are ineligible for curative therapies. It is without a doubt that prospective randomized control trials with large sample sizes should be carried out for further verification.
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